Introduction
The objects of this paper are: (1) to reconsider the methods used in the light of ex perience extending over more than eleven years; (2) to present the observations made since 1937 and to compare them with those already published; (3) to consider the observations on illumination in relation to those ordinarily recorded by the Meteoro logical Office for sunshine, cloud, rainfall, etc.; (4) to compare the variations found with those obtainable from the examination of records made elsewhere.
The photoelectric measurement of daylight
The use of a Burt (number 299) vacuum sodium cell and Cambridge Instrument Co. ' thread recorder ' for the measurement of daylight has already been described (Atkins & Poole 1930 , 1936 , and an account has been given of the standardization of the cells (Poole & Atkins 1935) . I t was shown that the measurements relate to the ultra-violet, violet and blue, but are chiefly an indication of the changes in light of wave-length about 0-41 /i, at which the sodium cell exhibits a sharp maximum of sensitivity in a mean noon sunshine spectrum. The selection of the cell was governed mainly by two considerations: first, that it should remain constant in sensitivity 30-2 over a long period, and secondly, th at the current should suffice to operate the thread recorder which has, unshunted, a full-scale deflexion for 5/iA. The cell is mounted in a heavy gun-metal case with thick glass window. Over this is placed a flashed opal glass surface set horizontally so as to have full sky exposure; it gave nearly on clear days around 21 December and required x 2, x 5 and x 10 shunts subsequently. The surface of the flashed glass is smooth, because the properties of a rough surface alter when wet. The first records were obtained in December 1929, and daily re cordings continued (with a gap of three months in 1933) till interrupted by enemy action on the night of 20 March 1941. The photocell lost some sensitivity, due apparently to the heat from the fire which destroyed the other end of the block, where the recorder was located. The latter was put out of action by salt water from a hose, but it was overhauled almost at once and used elsewhere till recordings were begun again in Plymouth. A similar cell mounted without adequate precautions against the sun's radiation reaching the sides of the photometer lost most of its sensitivity in about three years at Wad Medani, Sudan. The cell surface appeared to have taken on a yellow tint, just as had the Plymouth cell-to a lesser extent-after the fire. Acting on the suggestion of Dr B urt's associate, Professor D. H. Loughridge, the cell aperture was cautiously heated with a small Bunsen flame. As a result the sensitivity was increased about eighteen times, being restored to something near its original value. The volatilization of the sodium film showed th at the film deposited on the glass by electrolysis was still silvery. But the thin internal coating on all parts of the bulb led to a definite, though unimportant, dark current. The Plymouth cell was only reduced in sensitivity by about orte-quarter as compared with previous mid-winter readings.
Evidence was adduced (Atkins 1938) to show th at the sodium cell had remained constant up to the end of 1937. Since much of the value of the records depends upon this, further results are shown in table 1. These comparisons on windy March days appear specially reliable. I t was not possible to restandardize against the electric arc without interrupting the readings, but a comparison was made against a similar Burt cell, B 188, which had been exposed but little since its arc standardization. This check, overlooked when the 1930-7 results were published, was undertaken in connexion with tests on cells being sent abroad. Observations of 18 October 1937 showed that at noon, with 41 kilolux illumination, the ratio of B 299/B188 was down to 91 % of that found in June 1934 and at 15 hr. 20 min., with 19 kl., the value was 90 %. But these cells, apparently identical in preparation, have nevertheless appreciable differences in colour sensitivity, and the weakness of the October light in the shorter waves appears adequately to account for the apparent loss of sensitivity. According to Selenyi, traces of oxygen introduced electrolytically give sodium cells an unstable red sensitivity. This probably accounts for the differences in colour sensitivity found to exist in the Burt cells, among which those with a more marked sensitivity to longer wave-lengths exhibit a greater sensitivity to daylight as might be expected; this apparently persists with high stability long after the red sensitivity -if any-has gone.
In general, it may be said that comparisons of these apparently identical cells may give different ratios under different atmospheric conditions. But we have found the behaviour of our exposed photometer to be constant when its records have been compared at the same time of the year in different years. March, on account of its bright, windy weather, has proved favourable for such comparisons, as may be seen in table 1. These results give no indication of any alteration in sensitivity, whether due to a change in the cell or to ' solarization ' of the protecting window. As this glass did not transm it the extreme ultra-violet, such alterations as occur in glasses specially transparent to this region do not concern us here. 1930-41   Tables 2 and 3 show results for 1938 onwards, and comparisons with the earlier years are in figures 1 and 5. Yearly maxima have an asterisk. The daily values of the maximum vertical illumination in kilolux and of the total vertical illumination in kilolux-hours have been filed for reference. In the tables which follow only the least, greatest and mean monthly values of the vertical and integrated illumination are shown.
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Vertical component of the illumination in the years
Comparing table 2 with its fellow of 1938, it may be seen in the first section that the least values of the daily maxima occurred in December 1939, but several of the other months had no low maximum; for example, in May 1940 the value was 73 kl. In the second section the greatest values of the daily maxima appear to be low, but one cannot accept loss of cell sensitivity as an explanation, for the March 1939 value, 103 kl., ranks third in the 11-year series; also May 1938, with 147 kl., ranks sixth.
The monthly means of the daily maxima show yearly maxima in May for 1939 and 1940 and in June for 1938. These figures bring May's total up to seven and June's to three, out of the 11 years, with one record, 1930, for July. Thus June does not necessarily have the brightest moments of the year, though it has the maximum solar elevation.
In this series of papers the term ' vertical illumination integral ' has been used for the quantity ' light intensity multiplied by duration expressed in kilolux-hours and tabulated for each day. I t is obtained by measuring the daily records with a planimeter. I t was not possible to use c total light ', as this was required to express the light reaching a point from all angles, as measured by the globe photometer (Atkins & Poole 1936) . t Mean of 31 days but 17th to 23rd, 7 days, have had approximate values assigned from sunshine and rainfall data. The 7 days were undoubtedly low with average 1-9 hr. sunshine. Mean of 24 days = 448.
On comparing table 3 with its 1938 counterpart, it may be seen in the top section th at the darkest day was in December 1939 with 6*2 kl.hr., followed by one in January 1941 with 11-5. The January minima for 1938-40 were remarkably similar, lying between 18*3 and 21-6. The darkest June day was also in 1939, with 109, followed by 1931 with 124kl.hr.
The middle section shows the greatest daily values for which (1938 paper) 1930 comes first with 1323 ifi July, with April, June, May and August all over 1000, also May 1931 and June 1936 . W ith 957kl.hr. 1938 tops the fist in table 3. The factors which combine to give these exceptionally bright days are complex and will be con sidered later.
The bottom section records the mean monthly values, which for plant growth are the most important ones. The January results for 1938-41 vary but little, and the same holds for February, but all four are low, the 1940 value being the minimum for twelve years, as is also The extremes in the monthly values, both for vertical illumination integral and for vertical illumination, are shown in figure 1 as explained in the legend. It may be seen th at 1930 came first in the integral for 7 months and for 7 consecutive months in maximum illumination. The integral maxima fell in 1934 for February and May, which year also had the brightest March day. I t is to be noted th at the 1930 values are below other years for the first 3 months. The brightest day recorded, 7 July 1930, was noted as being specially clear and gave exceptionally high values for the ratio of sunlight plus skylight to skylight alone, when the direct rays were screened by a small disk. This was done several times as the day appeared exceptional. Figure 1 may be compared with table 4 of the 1938 paper which tabulates also the year ranking second and the excess percentage. I t is very remarkable th at the latter should amount to 31*1, 32*1 and 37-8 for the months of April, July and August 1930, these being the percentage excess over the months ranking next in brightness and occurring re spectively in the years 1933, 1934 and 1934 . May 1934 had 1*5 % excess over 1930 and June 1930 had 8*2 % over June 1934. The brightest November, 1937, had 18*8 % excess over the next in brightness, 1930. I t seems impossible to reconcile figures such as these with any deterioration in cell sensitivity from th at obtaining in 1930. Auren (1934) found that of the 5 years 1930 was the brightest in March, April, May, June and November, with July ranking second. April 1930 was much brighter than the others. 1928 was brightest in January, February, July and September; 1929 in August and December, and 1931 in October.
Comparison with sunsh ine records
The brightness of a month is usually assessed by its hours of sunshine. Figure 2 shows for 1930 and for an average year, 1936 (full line), the quantity of light (kiloluxhours) on the brightest days of each month divided by the number of hours of sunshine. This gives the kilolux-hours per hour of sunshine, neglecting the amount contributed by the sky light on these same days when the sun was not out. The conclusion is that from March to October inclusive the vertical component of 1930 sunshine seems particularly bright, especially in April, May, July and August. Figure 3 shows for 1930 and 1936 the ratio of the light on sunless days to th at on the brightest days as explained in the legend. It may appear remarkable th at the means for the monthly sets agree so closely, the values being respectively 0*33 and 0-30. This agreement is indirect evidence th at the cloud during 1930 merely diffused the light in the normal manner, and was not specially transparent. The difference in the years must lie either in the sun's radiation or in the reflecting or absorbing properties of the atmosphere other than the cloud droplets. One would a priori consider it most unlikely that there should be any considerable variation in the radiation, though such as is observed is more likely to be found in the short-wave end. This has been discussed in the 1938 paper. I t should be remembered th at we are measuring the vertical component, not the total radiation, so th at the angular distribution of the scattered light may in itself account for a certain variability, though the close agreement in the ratios 0*33 and 0*30 suggests th at this factor is small. The brightness of the sky at various altitudes and for various azimuths with respect to the sun has been discussed by Poole & Atkins (1933) . Figure 4 affords additional evidence th at the clouds were not responsible for the peculiar characteristics of 1930. I t shows the illumination on sunless days during 1930 and 1936. While closely the same in January, February and March, the sunless days of 1930 were later on much the brighter. The figure also shows the number of sunless days per month. I t may be seen th at sunless days from March to August inclusive, with 200 to 250kl.hr., provide about four times the illumination of the average midwinter day, and considerably more than the October average. Table 4 gives the percentage of the yearly light received in each month, with the 11-year mean value, etc., as in heading. The average percentages for May and June are identical. Though there is no shift in the position of the months with respect to radiation there is yet a remarkably large range, as shown in the penultimate column. Thus for November the range is 59 % and is even as much as 20 % for June. The monthly percentages of the earlier years are given in table 6 of the 1938 paper. The last column gives the mean monthly illumination integral for an 11-year period. In table 5 the illumination integrals for the 11 years are shown together with the usual meteorological observations and certain ratios. The remarkable uniformity of the yearly totals is broken by an outstandingly high value for 1930, a high one for 1934 and a low for 1939. There is agreement with a high sunshine record for 1934, but not for 1930, and the high sunshine of 1933 and of 1940 is not reflected in high illumi nation integrals, nor can one trace any connexion with the rainfall. The latter is active in removing industrial pollution from the air, though high humidity may lead to droplet formation on the normal salt nuclei and so decrease transmission. The lack of correlation of the vertical illumination integral and the other observations is evident from figure 5. On checking over the illumination integrals obtained from the daily records and comparing them with the daily sunshine observations an impossible juxtaposition was discovered at the end of October 1930. An error had been made in the date of changing the shunt of the recording galvanometer from x 5 to x 2, so th at the last two entries for October and the first three for November are, as shown in table 4 (Atkins & Poole 1936), too high in that proportion. This brings the mean for October to 217-1 kl.hr. and for November to 95-3 and lowers the November maximum to 207, so that this month no longer ranks as the highest in the 11 -year series. The necessary corrections in the 1936 paper and also in that of 1938 have been made in the authors' bound copies now in the Society's library. For this unfortunate error the senior author expresses his regret and acknowledges sole responsibility.
Illumination on sunny and sunless days
f\ 1930Z, £ 400 .X---------- \ / / / •
D istribution of illumination throughout the year
(6) Wind direction In view of the fact th at Plymouth Hoe receives clean sea air when the wind is in the south-west or thereabouts, but may get the city's smoke (including th at of Devonport on the west) and industrial pollution from the rest of England when the wind is in the north and east, it appeared advisable to compare the records with those of the Borough Meteorologist for wind direction made at the adjacent observatory during the 11 years. For wind direction, three daily observations at 9, 15 and 21 hr. were used, as most nearly coinciding in time with the light measurements. The number of monthly observations was tabulated for each of the sixteen cardinal points, together with the number of calms. Against these values was set the mean vertical illumina tion integral for the month, expressed as a percentage of the average mean monthly value for 1930-40, which may be calculated back from table 4 if required.
A plot was made in which wind-direction frequencies were represented by hori zontal rows of dots, the ordinates being the corresponding monthly vertical illumina tion integrals. The distribution of points on this 11-year diagram showed no preference whatever for any special wind direction. For example, the greatest asymmetry from a uniform distribution of the points amounted to a deficiency of only 3-3 % from the mean, 100 %, in the direction west-north-west. No special significance could be attached to this, since the values for the directions west and north-west were 100-0 and 100-3 % respectively.
Taking the years month by month there is thus no correlation with the wind direction. The possibility remains that specially bright days might be related to wind direction.
In this further work comparisons were limited to the typical year 1936 and the abnormal 1930, on account of the great labour of the 11-year comparison. Tables were prepared for the brightest days in each month, as judged by the number of kilolux-hours. The selection was somewhat arbitrary, but was governed in each month by the position of a well-defined gap between days classed as bright and the others. With the illumination integral was tabulated the hours of sunshine, solar altitude at noon, relative humidity, wind direction and force at 15 hr., also visual range, state of sky and cloud tenths, the latter being tabulated also for the mean of the day. It appears unnecessary to reproduce these, but it was obvious from in spection that there was no connexion with wind direction.
(c) Wind force It seemed possible, however, that wind force, Beaufort scale, might be a factor, as strong winds increase the vertical mixing of the air and drive away smoke and dust. The bright days in 1930 gave mean values for the months which when averaged showed force 3-00 as against 3-33 for the average of the monthly means. But 1936 gave respectively 3-86 and 3-75. The two years together yielded for bright days 3-43
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and for monthly averages 3*54. One must conclude th at the mixing is normally adequate. But none of the bright days were calms and force 1 occurred four times only in 1930, out 6f 62 bright days and not at all in 1936; force 2 occurred nine times in 1930 and eight out of fifty-four in 1936. In 1930 a bright day had force 5 three times only and there was nothing higher; whereas in 1936 the record was fourteen for force 5 and four for force 6. I t has been pointed out by Fleming (1943) th at measure ments of the electrical conductivity of the air show on smoky days a value constant for wind velocity below about 5 miles per hour, force 2, but increase with wind velocities above this point. This is consonant with the idea, that, for wind velocities above 5 miles per hour, turbulence is sufficient to dilute the lower layer with air from higher layers having greater conductivities. This supports the conclusion previously reached th at vertical mixing is normally adequate.
(d) Visual range and relative humidity
Since, according to Wright (1939 Wright ( , 1940 , salt nuclei become droplets increasing in size as relative humidity rises above 72, the mean monthly values for 9, 15 and 21 hr. were tabulated for the 2 years. This table has been omitted, as once more there was no important difference bearing on the horizontal visual range, which is of possible interest in the absence of observations on the vertical range.
Values for 15 hr. should have more effect upon the brightness of the day than those a t 9 and 21 hr. The 15 hr. observations of visual-range frequencies are accordingly given in table 6, and using Koschmieder's equation the horizontal extinction coefficients of the air were calculated for each of the range limits corresponding to the meteorological code numbers B to M. The Plymouth Hoe records are dual, range over land and over sea, which differ greatly. Over-land records for poor visibility or worse were twice as frequent in 1930 as in 1936, 128 as against 68; over sea they were identical, 17. Over land moderate visibility had 9 in 1930 and 17 in 1936; over sea the figures were 153 and 134. Good visibility and upwards occurred over land 228 times in 1930, 281 in 1936; over sea 195 times in 1930 and 215 in 1936 . The visibility records are thus in favour of 1936. Even taking the six outstandingly bright months of 1930, April and June to October, the frequency of visibility poor or worse was 46 o ver land as against 18 for 1936 and 7 over sea as against 9. Though for suitable objects one cannot always rely on distinctions such as between K and L, there should in Plymouth be no doubt about records of below 4 miles, classed as poor.
(e) Cloud The values for cloud tenths are given in table 7. There is no definite indication th at this factor bears any relation to the excess of 1930 over 1936, the ratio for which is given in the last column. But the monthly mean, averaged for the year, was 6 % less in 1930 than in 1936. It is obvious, however, that specially bright days have less cloud than the average. Broken cloud often increases the vertical illumination, particularly with low-altitude sun. With cloud tenths 1-9 and 2-9 respectively April and July bright days, 1930, had unusually low values. 
Comparison with similar records obtained elsewhere
Auren obtained a long series of records in Stocksund, a suburb of Stockholm, 59° 23-2'N. and 18° 3*2' E. This constitutes the only series, comparable with the Plymouth observations, which we have been able to find (Auren 1930 (Auren , 1933 (Auren , 1934 (Auren , 1939 (Auren , 1942 (Auren , 1943 (Auren , 1944 )-Auren's records were obtained using a potassium vacuum cell mounted under an opal glass plate with, owing to the low sensitivity of the cell, sensitive galvanometers (about 3-4 x 10-11A per scale division) and photographic recording of the light spot. Below the glass cover, ground on both faces, a yellow filter 5 mm. thick was placed, the Schott (Jena) GG 11. This cuts off fairly sharply at 050 f i .The combination therefore registers blue-green and green only, since the cell is insensitive to the yellow and longer wave-lengths. It is accordingly rather less disturbed by atmospheric pollution than is our own cell. Auren's work has already been discussed by Atkins & Poole (1936) . His records extended from 1928 to 1937. These and the Plymouth results were tabulated as percentages of their respective mean monthly and yearly values for 10 and 11 years. This table was used to construct table 8 which shows the percentage differences from the mean values, also the per centage range and the series S or P in which maxima or minima occur. The maximum monthly range was for S70 and for P72, with mean monthly ranges S43-3, P48-5. When one considers th at the Plymouth records relate to 0-41 and the Stockholm records to over 0-50//, it is only to be expected th at the swing should be slightly greater for the former. But there is nothing to suggest th at the Plymouth ranges are incredibly great, a conclusion against which we have struggled all along, since we had a mental bias in favour of a more even monthly and annual illumination.
At the bottom of table 8 the numbers of months with minus signs are given for each year, namely, those with illumination below the average for the years. Thus in 1931 Stockholm had 10 months each below the average; similarly, 1933 had 9 months; A .
31
1929,1934 and 1937 had 5suchmonths. One may regard this as evidence against any serious deterioration in the sensitivity of the cell. In the Plymouth series one has to go to 1938 to find 10 minus months, but then one finds 12 and 11 in 1939 and 1940. Dr Goldie, however, considers th at the major cause (both of the greater daylight and of the low pollution of 1930) was the character of the air supply. This would not necessarily show up in local wind direction statistics, since wind direction is not always a reliable guide to the origin of the air.
We are indebted to Dr Stagg for revised values of the direct solar radiation (normal incidence) in gram-calories per square centimetre at l£ew. The monthly totals for the 17 years, 1930-46 were tabulated for 7 months during which runs had been obtained which wfere unbroken save that 22 days only were recorded for October and 13 days for November 1931. Considering the totals for the 5 months July to November each year, 1933 , 1934 , 1935 and 1940 are all bigger than 1930 . July 1933 , 1934 , 1935 and 1940 are all greater than the exceptionally bright Plymouth July 1930. There is, in fact, no relation between the two sets of measurements, for a t Kew normally incident sunlight was measured by its heating effect, at Plymouth blue light from the sun and sky as received on a horizontal surface. The Kew observations do however bring out the very great variation in the solar radiation from year to year, even in the summer months. Table 9 shows the mean, maximum and minimum values for the months, June to December, for which an almost complete series had been obtained during seventeen years. Below are given the corresponding percentage values and at the bottom the percentage range. Thus even in June and July the range is 60 to 94 %, with a minimum range of 50 in October and a maximum of 147*5 in December. Our climate is, in fact, very variable, and th at this variation should extend to the light received, direct and diffused, is not perhaps so very surprising. 
Summary
The measurement of daylight using a vacuum sodium photoelectric cell and a Cambridge 'thread recorder' have been continued for 11 years and confirm the previous conclusions as to suitability of the method.
The illumination during the last 3 years was rather below the average, but the three were closely similar. Of the 11 years 1930 was much the brightest, followed by 1934. The remainder were rather uniform.
June was the brightest month in 1938, May in 1939 and 1940. But of the 11 years May came first in six, June in four and July once, in 1930. This refers to the measure ments of the illumination integral, as do also the following paragraphs.
The dullest months were as follows: January, February, April 1937; March and July 1939; May 1938; June 1933; August, September, November 1932; October 1934 and 1940 almost equal; December 1940 . The brightest months were ': January 1931; February and May 1934; March 1933; April, June, July, August, September, October and December 1930; November 1937. Within each year the mean value of the December illumination is 1-37 %, with May 15-61 % and June 15-59 %. The range of the monthly means lies between 20 % for June and 59 % for November.
There is no simple relation between the illumination integral and the number of hours of sunshine, rainfall, number of days with rain or wind direction. Calm days are never exceptionally bright, and few days with wind force 1 or 2 are so; wind force about 3 is usual for the brightest days.
The illumination on days showing complete cloud throughout was, during 1930 and 1936, 0-326 and 0-304 respectively of that on the brightest days, calculating on a month by month basis, or weighted for the number of bright days in each month, 0-348 and 0-320 respectively.
The illumination on the sunless days of 1930 was considerably above that of similar days in 1936, a year of average illumination.
On comparing the Plymouth records with Auren's, obtained near Stockholm, it is seen th at the wide range in light intensity (kilolux-hours) within the same month, as found at Plymouth, was also found near Stockholm, where the wave-length con cerned was a little over 0*50 ju,as against 0-41 p at Plymou range was Plymouth 48*5 %, Stockholm 43-3 %. The maximum range was Plymouth 72 %, in July, followed by Stockholm 70 % in November, 68 % in February, 65 % in March, with Plymouth 64 % in September.
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